O utcOmes after severe traumatic brain injury (TBI) are variable, and several studies have focused on predicting clinical outcomes after the injury. 3, 5, 7, 12, 15 Many studies have described factors associated with mortality and morbidity after severe TBI. 8, 12, 14, 15 However, there are few descriptions of the clinical characteristics of patients with favorable outcomes after severe TBI.
The aim of the present study was to determine the clinical characteristics and temporal profile of recovery in patients with favorable outcomes at 6 months after severe TBI.
Methods
We reviewed a research database containing clinical data on 1241 patients with head injury who were enrolled in prospective TBI studies from 1986 to 2012. We included patients with severe TBI whose age was ≥ 15 years; motor Glasgow Coma Scale (mGCS) score < 6 (i.e., at or deteriorated to < 6 soon after admission); non-life-threatening systemic trauma (i.e., no organ system with Abbreviated Injury Scale score > 4); and no previous TBI or serious medical problems. Study participants were chosen on the basis of Glasgow Outcome Scale (GOS) scores (5 = good recovery, 4 = moderate disability, 3 = persistent vegetative state, and 2 = severe disability). Patients with favorable outcomes (GOS score of 4 or 5) at 6 months were selected for this study. All patients were treated in a dedicated Neuro ICU at Ben Taub Hospital according to the individual study protocols, but largely based on the guidelines for treatment of severe TBI at the time.
We reviewed demographic, clinical, and imaging data at admission, as well as duration of intracranial pressure (ICP) monitoring, neuromuscular blockade, and pentobarbital coma. For patients with ICP monitoring, sedation and neuromuscular blockade, if used, were stopped every morning to facilitate a neurological examination. In addition, these patients underwent hourly neurological examinations during the ICU stay. Hourly assessments of GCS scores during the ICU stay as well as results of daily neurological examinations throughout the hospital stay were reviewed. The earliest time to following commands (mGCS score of 6) after severe TBI was noted for each patient in our hospital. The length of stay in the ICU, in the hospital, and the surgical procedures performed during the hospital stay were also recorded. Outcomes were recorded at discharge, 3 months, and 6 months after injury according to the GOS. To further elucidate our practice regarding withdrawal of life-sustaining therapy, we evaluated those patients from our database with severe TBI in whom life-sustaining therapy was withdrawn at our center and compared them to the group of patients with favorable outcomes.
Statistical Analysis
Descriptive statistics were used for demographic and clinical variables and the values were reported as the mean ± SD. The chi-square test for categorical variables and the Student t-test for continuous variables were used to identify baseline differences between groups of patients classified by the time to following commands as well as factors associated with good recovery. Fisher's exact test was performed for categorical variables when the number of patients in the subgroup was less than 5. Multiple comparisons for means were performed using the ANOVA test. Pearson's correlation was used to evaluate the correlation between GOS scores at different time points. Statistical analysis was performed using SPSS version 20.0 (IBM), and statistical significance was set at p < 0.05.
Results
Two hundred eighteen patients satisfied the inclusion criteria (Fig. 1) . Clinical, demographic, and imaging data are shown in Table 1 . The age range in the study set was 15-70 years. The range of Injury Severity Scores (ISSs) was 16-59, and the majority of patients (51.4%) had an ISS of 25. More than one-third of patients underwent craniotomy or craniectomy at admission, and only 2 patients underwent nonneurosurgical procedures. One patient underwent an exploratory laparotomy with resection of transverse colon and right thoracostomy, and another patient underwent a splenectomy.
Data on the earliest time to following commands were available for 203 patients with severe TBI and favorable outcomes at 6 months ( Table 1 ). The majority of patients were able to follow commands (mGCS score of 6) within the 1st week after the injury (71.4%), with 28.6% of patients recovering on Day 1 (Fig. 2) . By Day 14 after the injury, 173 (85.2%) patients were able to follow commands. The remaining patients began following commands by Day 30 (12.3%) or Day 90 (2.5%). Patients who began to follow commands later had significantly longer durations of ICP monitoring and neuromuscular blockade. There was no significant association between mass lesions on initial CT scans and time to following commands (p = 0.37). Additionally, following commands on Day 1 after the injury was not significantly associated with mass le- Patients with good recovery (GOS score of 5) had a * Includes the following: hit by falling object (n = 2), sports injury (n = 2), off-road vehicle crash (n = 3), bicycle crash (n = 2), commercial truck accident (n = 4), and unknown (n = 5).
higher initial GCS score, lower incidence of anisocoria at admission, shorter ICU stay, and shorter total hospital stay ( Table 2 ). Ninety-six of 218 patients (44%) were discharged home. Other discharge dispositions included rehabilitation facility (n = 81, 37.2%), another hospital (n = 14, 6.4%), long-term acute care facility (n = 13, 6%), and unspecified (n = 2, 0.9%). Discharge disposition data were not available for 12 patients. Of the 1241 patients, life-sustaining treatment was withdrawn in 40 individuals with severe TBI at our center. The median initial GCS score was 4/15, and 19 of these patients (47.5%) presented with a GCS score of 3/15. Bilateral unreactive pupils were seen in 24 patients (60%) in whom care was withdrawn. Twenty-five patients (62.5%) underwent decompressive surgery, and 13 patients (32.5%) underwent pentobarbital therapy. In comparison with patients with severe TBI who had favorable outcomes (n = 203), withdrawal of life-sustaining therapy was significantly associated with a GCS score of 3 at admission (p < 0.001), bilateral unreactive pupils at admission (p < 0.001), and mass lesions on the initial CT scan for the Marshall grade (p = 0.001).
The temporal profile of outcomes according to GOS scores from discharge to 6-month follow-up is shown in Fig. 3 . The GOS scores at 6 months showed that the majority of patients had moderate disability (n = 115, 52.8%). The correlation between 6-month GOS and 3-month GOS scores (r = 0.56, p < 0.001) was stronger than that between 6-month GOS and 1-month GOS scores (r = 0.33, p < 0.001). There was no correlation between 6-month GOS and discharge GOS scores (r = 0.02, p = 0.83).
Discussion
This study describes patients with favorable 6-month outcomes after severe TBI. The mean age of patients in this study was younger than 30 years; therefore, the results and interpretation of results are relevant to younger patients with severe TBI. All patients were treated by a neurointensivist and neurosurgeon, and the role of a dedicated neurocritical care team in guiding recovery is acknowledged.
We studied early recovery of gross motor function in patients as documented by the mGCS. Approximately 15% of patients began to follow commands beyond 2 weeks after the injury. Importantly, there were no significant differences between the baseline clinical or imaging characteristics in this group of patients as compared with those who began to follow commands earlier. These patients, however, had undergone prolonged ICP monitoring and neuromuscular blockade, which may have impacted the early detection of motor recovery during the acute phase after severe TBI. It is therefore impossible to exclude a favorable outcome in patients with severe TBI who do not follow commands in the initial days after the injury. These findings highlight the challenges in accurately predicting a favorable outcome within the first 2 weeks after severe TBI, and cautions physicians against prematurely assuming a poor prognosis in patients with severe TBI who do not follow commands early after the injury. At our center, withdrawal of life-sustaining therapy was more likely in patients who had a severe initial injury characterized by a GCS score of 3/15 and bilaterally unreactive pupils at admission, both of which are known predictors of early mortality after TBI. 12 Data from the present study provide valuable insights into the recovery potential and its expected timeline in patients with a favorable outcome after severe TBI. In the acute phase, it is often difficult to establish with certainty that a patient has no potential for a favorable outcome. Withdrawal of care is one of the most important contributors to in-hospital death after severe TBI. 16 In some studies, life-sustaining care was withdrawn within 72 hours after the injury in patients with an initial mGCS score of 1-4. 6, 16 In this study, the mean duration of ICP monitoring was approximately 6 days, and gross motor recovery (mGCS score of 6) was seen beyond 2 weeks in 15% of patients. Therefore, the timing and indication for withdrawal of care should be carefully considered, since early withdrawal of care may deprive some patients with severe TBI of a favorable outcome.
There are limited descriptions of the temporal profile of early recovery after severe TBI. We found improved functional outcomes in the first 6 months after the injury, and this was more closely associated with the 3-month GOS scores than with the GOS scores at discharge. Similar to results from prior studies, 1,2,9 the patient's functional status when leaving the ICU or at discharge from the hospital was not consistently associated with outcome at follow-up. However, the correlation between 3-month and 6-month GOS scores was only moderate in the present study, and it is likely that other factors such as age and initial injury severity affect the neurological improvement between 3 and 6 months. 2 Overall, in spite of a low initial GCS score being associated with increased morbidity, 11,12,17 a proportion of patients with severe TBI do have the potential for considerable recovery and favorable outcomes. A prognostic model to predict a favorable outcome after severe TBI would help neurointensivists better manage the care of these patients and offer families and physicians a guide to establishing goals of care. A prospective study of patients with severe TBI in whom care was not withdrawn would be required to develop a prognostic model for favorable outcomes. This would help determine the true outcome after severe TBI and identify baseline factors associated with favorable outcome. Multiple statisti- 
